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ABSTRACT
The main goal of this study was to assess the impact of the economic
crisis on the productivity growth of the Spanish Port System (SPS). The
Malmquist Productivity Index (MPI) was estimated for the 28 Port
Authorities of the SPS, for a ‘non-crisis period’ (2005–2008) and a ‘crisis
period’ (2008–2011). From a policy perspective, the MPI is a very useful
approach for assessing the productivity change because it can be
decomposed into the catching-up index and the frontier productivity
index. The results showed that the economic crisis did not impact all of
the Spanish Port Authorities equally. Some Port Authorities presented
higher productivity growth during the crisis period than in the non-crisis
period. Further analysis by the Mann–Whitney test revealed that Port
Authority investments and productivity growth were statistically related.
Information provided by this study may be very useful for stakeholders
and decision-makers, in terms of long-term strategic planning and
improving the competitiveness of the SPS. The findings illustrate that
the economic crisis should not be seen as an international tragedy, but
as an opportunity to adapt port traffics and installations to new needs
and market demands.
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1. Introduction
The financial crisis of 2008 has seriously damaged the economy of the European Union (EU).
Negative effects are evidenced by the evolution of the real GDP growth rate for the 27 EU member
nations, from 0.4 in 2007 to a minimum value of −4.5 in 2009, increasing to −0.4 in 2012
(EUROSTAT 2013). Impacts of the economic crisis have not been uniform across all economic
sectors, with manufacturing being the most negatively affected sector in Europe (European
Commission 2010).
In the Spanish context, the crisis began as an extension of the international financial crisis, but
internal imbalances accumulated in the pre-crisis period, aggravating the situation. In the first
quarter (Q1) of 2009, the GDP fell 6.3% and unemployment increased by around 800,000 people
(Carballo-Cruz 2011). The high Spanish unemployment rate has been highlighted by Spanish, as
well as European, authorities. Domestic demand is another important aspect that differentiates
Spain from the Eurozone. Between 2008 and 2010, domestic demand in Spain fell 7.6%, whereas
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in the Eurozone it fell around 1.6% (EUROSTAT 2013). However, Spanish exportations have
escaped this trend, falling only 1.3% in the same time period (ICEX 2013).
Considering that the Spanish Port System (SPS) moves 59% of all Spanish exports and 85% of
all imports, representing 53% of Spanish international trade with other EU countries and 96%
with non-EU countries (Puertos del Estado 2012) and taken into account that improving
productivity is essential to ensure economic growth (Fernández de Guevara and Fariña 2014),
we asked whether the economic crisis has impacted the productivity of the SPS, or if this industry
has continued to grow (i.e. has increased its benefits owing to the rise of foreign trade). Principles
of economy, effectiveness, and efficiency in the use of resources must be considered in port
management (Medal-Bartual, Molinos-Senante, and Sala-Garrido 2012). In particular, the 33/2010
Spanish Act emphasized the need to improve the efficiency of Spanish Port Authorities and
ensure their financial sufficiency. An analysis of how the economic crisis has impacted the
productivity of Spanish Port Authorities will help managers and stakeholders in the decision-
making process. Moreover, investors’ decisions may be improved by identifying ports that were
least impacted by the economic crisis.
As outlines Section 3, marked progress has been made in the assessment of ports’ efficiency
and productivity using parametric (Cullinane, Song, and Gray 2002) and non-parametric
approaches (Barros, Felício, and Fernandes 2012). Although several studies have evaluated the
productivity change of ports, with some even focused on Spanish ports (Núñez-Sánchez and
Coto-Millán 2012; Rodríguez-Álvarez, Tovar, and Trujillo 2007), none has evaluated how the
economic crisis has affected the productivity of the SPS.
The Malmquist Productivity Index (MPI) is an excellent method to assess the productivity
change of any decision-making unit (DMU), as reported by Cheon, Dowall, and Song (2010). The
MPI identifies the productivity growth in two consecutive periods by an index given by a ratio of
distance functions. Production growth is measured using only input and output data. To estimate
this index, it is necessary to establish the production frontiers and to identify efficient and
inefficient DMUs. In doing so, the Data Envelopment Analysis (DEA) methodology can be used.
The objectives of this paper were as follows: (i) to assess the productivity change in 28 Port
Authorities comprising the SPS for time periods before and during the economic crisis; (ii) to
identify whether the catching-up index or the frontier productivity index contributes more to the
productivity change, and (iii) to explore whether the investment process of the Port Authorities
influences its productivity change. The main question addressed by this paper was whether the
economic crisis has impacted the productivity growth of Spanish ports. To this end, the MPI was
estimated from 2005 to 2008 (non-crisis period) and from 2008 to 2011 (crisis period).
The paper is organized as follows. Section 2 describes briefly the SPS and presents general
information about the impact of the economic crisis in port activity. Section 3 summarizes
previous studies on port productivity focusing on Iberian ports. Section 4 sets out the methodol-
ogy employed in the analysis. Section 5 presents and discusses the results of the productivity
change assessment, and Section 6 summarizes the main conclusions.
2. The SPS and the global economic crisis
Spain has around 8000 km of coastline, which makes it one of the countries with the longest
coastline in the EU. This fact, in addition to its geographic location, makes the SPS an axis in the
development of the international sea transport and a logistics platform for the South of Europe.
In Spain, there are 28 Port Authorities, with locations as shown in Figure 1. Port management
follows the landlord or proprietary model, with each Port Authority providing infrastructure and
land. Port Authorities regulate the use of the public domain, while private companies provide the
services related to port activity, under authorization or concession. These ports are coordinated
and controlled by the state agency ‘Puertos del Estado’ (State Ports), a body dependent on the
Ministry of Public Works.
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The importance of the ports as links in the logistics and transport chains is unquestionable.
Maritime transport has played a very active role in the enhancement of economic globalization
(González-Laxe and Novo-Corti 2012) and the economic development of a country. In this sense,
the SPS activity contributes nearly 20% of the GDP in the transport sector, which represents 1.1%
of the Spanish GDP (Puertos del Estado 2012).
In the middle of 2008, the economic crisis which has affected most national productive sectors
began to wreak havoc on port traffic of every Spanish port. In figures, as reflected in Figure 2, the
total traffic of SPS decreased more than 15% from 2008 (471 million tons) to 2009 (399 million
tons). The same trend can be seen in the total passenger port traffic in 2009 (25,328 thousand
passengers), with a decrease over 3.3%, from passenger traffic in 2008 (26,199 thousand
passengers).
It is certain that the economic and financial recession have had an outstanding impact on port
traffic, as reported by González-Laxe and Novo-Corti (2012). However, the efforts made by the
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Figure 2. Traffic in the SPS from 2002 to 2013.
Source: Own elaboration from State Ports data.
Figure 1. The Spanish Port System.
Source: Medal and Sala (2011)
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Spanish Port Authorities to raise levels of productivity and efficiency of its activity are having
positive results, increasing total port traffics in recent years. The total traffic of the Spanish Port
Authorities was 475 million tons in 2012, an increase of 3.8% over the previous year. Although
this volume of traffic is closer to the historical maximum of 483 million tons achieved in 2007, we
will still have to wait to recover traffic levels before the economic crisis.
In general terms, world economy was contracted and international trade plummeted consider-
ably since 2008. But this is not the only consequence of the recent global economic crisis. Outputs
in advanced companies were contracted, employment failed at an alarming rate, prices
approached dangerously to the deflation zone, the volatility of international markets increased
and investments went down (Fernández-Villaverde and Ohanian 2010).
The SPS is not an exception to this last consequence. Investment level in the SPS was reduced
during the crisis period. This statement is confirmed by Figure 3, which summarizes the evolution of
investments in the SPS. In the non-crisis years, investments increased progressively, reaching the
maximum value in 2008. Investments carried out in 2008 were approved in 2007 or before; therefore,
although 2008 is a crisis year, the crisis affected investment in later years. Moreover, there was a
drastic reduction in investments performed in 2012 (last year available), which were fewer than those
adopted in 2004. In particular, from 2010 to 2012, investments in the SPS decreased 62.33%.
3. Overview of port productivity studies
Significant progress has been made in the assessment of ports’ productivity using both parametric
and non-parametric approaches. Stochastic frontier analysis (SFA) is the most widely applied
parametric method and it relies on econometric estimation assuming that the deviation from the
theoretical function is attributed partly to the inefficiency and partly to the existence of measure-
ment error (Ferro et al. 2014). Hence, SFA models are capable to account for statistical noise.
Moreover, environmental variables are easier to deal with and traditional hypothesis test could be
used. However, SFA requires imposing a functional form of the frontier and making particular
distribution assumptions for the one-side error term associated with technical efficiency (Chang
and Tovar 2014). On the other hand, within non-parametric methods, DEA is the most widely
applied technique. It requires only few assumptions about the underlying technology since DEA
uses the inputs and outputs of productive process to calculate the relative efficiency of each unit
(port in our case study). Moreover, DEA can easily handle multiple outputs and inputs. However,
since DEA is a deterministic approach, statistical noise can distort performance evaluations and
traditional tests are not possible except using bootstrapping techniques.
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Figure 3. Investment in the SPS from 2002 to 2012.
Source: Own elaboration from State Ports data.
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The reviews of the existing port productivity literature by Wilmsmeier, Tovar, and Sanchez
(2013) and Chang and Tovar (2014) show that the non-parametric approach is the most popular
method. Following Wilmsmeier, Tovar, and Sanchez (2013) and in order to update their review,
Appendix A shows a publication list on measuring productivity in ports summarizing the data,
methodology, outputs and inputs used in each study.
Focusing on Spanish and Portuguese ports, some previous studies have evaluated efficiency
and productivity change of them using both methodological approaches, i.e. parametric techni-
ques in the form of SFA (Baños-Piño et al. 1999; Coto-Millán, Baños-Pino, and Rodríguez-Álvarez
2000; Barros 2005; Rodríguez-Álvarez, Tovar, and Trujillo 2007; Trujillo and Tovar 2007;
González and Trujillo 2008; Díaz-Hernández, Martínez-Budría, and Jara-Díaz 2008; Núñez-
Sánchez and Coto-Millán 2010; Coto-Millán, Pesquera, and Castanedo 2010; Ramos-Real and
Tovar 2010; Rodríguez-Álvarez, Tovar, and Wall 2011; Núñez-Sánchez and Coto-Millán 2012;
Rodríguez-Álvarez and Tovar 2012; Tovar and Wall 2015) and non-parametric techniques such as
DEA (Martinez-Budria et al. 1999; Bonilla et al. 2002; Barros 2003; Bonilla et al. 2004; Barros and
Athanassiou 2004; Inglada and Coto-Millán 2010; Carvalho et al. 2010; Medal and Sala 2011;
Carvalho and Marques 2012; Medal-Bartual, Molinos-Senante, and Sala-Garrido 2012; Díaz-
Hernández, Martínez-Budría, and Salazar-González 2014; Gutiérrez et al. 2015).
Most of studies have used production frontiers to estimate efficiency instead of cost
frontiers, i.e. they have evaluated technical efficiency, with only some dedicated to estimating
allocative efficiency (e.g. Baños-Pino et al. 1999; Coto-Millán, Baños-Pino, and Rodríguez-
Álvarez 2000; Barros 2005; Rodríguez-Álvarez, Tovar, and Trujillo 2007, 2011; Díaz-
Hernández, Martínez-Budría, and Jara-Díaz 2008; Núñez-Sánchez and Coto-Millán 2010;
Díaz-Hernández, Martínez-Budría, and Salazar-González 2014). Regarding to the period of
time studied, most of papers evaluated productivity change of ports across time, i.e. they
incorporate changes that have occurred over a period of time (i.e. dynamic). However, some
studies only inform of the efficiency of ports at a given moment in time (e.g. Bonilla et al.
2002, 2004; Carvalho et al. 2010; Medal and Sala 2011; Medal-Bartual, Molinos-Senante, and
Sala-Garrido 2012; Gutiérrez et al. 2015).
The review of the existing port productivity literature also shows that the studies differ in terms
of their main objectives. Some papers focus on regulatory changes and governance (González and
Trujillo 2008; Díaz-Hernández, Martínez-Budría, and Jara-Díaz 2008; Carvalho et al. 2010;
Rodríguez-Álvarez and Tovar 2012; Núñez-Sánchez and Coto-Millán 2012) while others evaluate
issues related to the specialization of ports (Inglada and Coto-Millán 2010; Medal-Bartual,
Molinos-Senante, and Sala-Garrido 2012; Tovar and Wall 2015) or the presence of economies
of scale (Coto-Millán, Baños-Pino, and Rodríguez-Álvarez 2000; Ramos-Real and Tovar 2010;
Gutiérrez et al. 2015).
The aforementioned literature covers a wide range of methodologies, specifications, and
objectives. However, as far as we are aware, no studies of Spanish Port Authority efficiency
have evaluated how the economic crisis has affected the productivity of the SPS. To the best of our
knowledge, only Wilmsmeier, Tovar, and Sanchez (2013) analyzed the impact of the economic
crisis in the productivity change of container terminals while this study focuses on Port
Authorities. Moreover, because most of the terminals evaluated by Wilmsmeier, Tovar, and
Sanchez (2013) are located on Latin America and Caribbean, three periods were evaluated namely,
pre-crisis, crisis, and post-crisis. In this sense and because our work is focused on Spanish ports,
we cannot consider a post-crisis period since economic crisis prevails after 2011 (last year
analyzed).
4. Methodology
Our analysis was divided into two steps. In the first step, the MPI and its components were
calculated for two time periods, to obtain information on the productivity change over time. In
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the second step, we evaluated whether investment in the Port Authorities influenced the produc-
tivity change.
4.1. Assessment of the productivity change: the MPI
Productivity change between time periods may be calculated in several ways. As one of the most
commonly used methods, the MPI follows the non-parametric DEA approach to evaluate the
performance of DMUs (i.e. the Port Authorities). The DEA is a linear programming technique
that neither requires a predetermined functional form nor demands the user to set weights for
each input and output (Cooper, Seiford, and Zhu 2000).
Since the MPI was first presented by Malmquist (1953), many methodological developments
and empirical applications have been carried out (Caves, Christensen, and Diewert 1982; Chen
2003; Färe et al. 1992). One of the merits of the MPI is that it can be decomposed into two
components: i.e. efficiency change (MECH) and technical change (MTCH) (Chen et al. 2008).
Hence, it is possible to identify the factor that most contributes to the productivity change and,
consequently, acts to improve the productivity. Moreover, the efficiency change can be separated
into pure technical efficiency change and scale efficiency change (Färe, Grosskopf, and Margaritis
2007). However, taking into account that the research question of this paper was to address
whether the economic crisis has impacted the productivity growth of SPS, we limited the
decomposition of the MPI into MECH and MTCH.
The MECH, also known as the catching-up index, reflects the relative change in efficiency
between periods. In the framework of the ports’ efficiency, this concept involves the capacity of
ports to be managed in accordance with best operational practices (i.e. to be operated on the
efficient frontier). Efficiency gains due to the catching-up effect can mainly be attributed to the
managerial capacity of ports in response to changes in scale efficiency and their ability to adjust to
input factors in a timely manner, i.e. changes in pure technical efficiency (Cheon 2007).
The MTCH, also known as the frontier productivity index, measures the change in frontiers
between two periods. Cheon (2007) suggested that institutional reforms to increase market
competition represent the main driving force for maintaining ports with the latest technologies.
Effective long-term strategic planning and timely capital investment are needed to improve
technical efficiency.
The MPI calculates the ratio of the distances of data in each time period. Following Färe,
Grosskopf, and Lovell (1994), the MPI between period t and t + 1 can be represented as follows
(Equation (1)):
MPI ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
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s
(1)
where y 2 NMþ is a set of desirable outputs, and x 2 NNþ is a set of inputs. The MPI may be divided
into two components, MECH and MTCH, as shown in Equation (2):
MPI ¼ d
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¼ MECH MTCH (2)
The MPI and its components can be interpreted as follows: (i) MPI > 1 means an improvement
in productivity; (ii) MPI < 1 means a worsening in productivity; and (iii) MPI = 1 means
productivity has not changed.
To compute the MPI (Equation (2)) using DEA methodology, several approaches can be
followed. Thus, Färe, Grosskopf, and Lovell (1994) followed a radial model with input or output
orientation. Subsequently, Chen (2003) used a non-radial model based on the slacks-based
measure (SBM) developed by Tone (2001). A third approach based on the super-SBM model
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uses a non-radial and non-oriented approach (Tone 2002). In our case study, the approach
developed by Färe, Grosskopf, and Lovell (1994) was followed with input orientation since Port
Authorities can act to minimize the use of inputs (Carvalho and Marques 2012). By assessing 36 of
the most important worldwide ports, including 16 Spanish Port Authorities, Carvalho and
Marques (2012) proved that ports are characterized by overall constant returns to scale.
Moreover, this approach avoids infeasibility problems as happens when variable returns to scale
is assumed.
Hence, the MPI can be computed by solving four linear programming problems, shown in
Equations (3)–(6):
Minθ
λXt  θX0t
λYt  Y0t
λ  0
(3)
Minθ
λXtþ1  θX0tþ1
λYtþ1  Y0tþ1
λ  0
(4)
Minθ
λXt  θX0tþ1
λYt  Y0tþ1
λ  0
(5)
Minθ
λXtþ1  θX0t
λYtþ1  Y0t
λ  0
(6)
The MPI measures only the productivity change assuming constant returns to scale. The DEA,
considering variable returns to scale, does not measure the impact of production scales on
efficiency, which is measured by the component MECH.
4.2. Influence of port investments on the productivity change
To evaluate if Port Authority investments influence the productivity change, Port Authorities
were grouped based on their investment trends. Subsequently, we checked for statistically sig-
nificant differences in MPI scores between the groups, by applying the Mann–Whitney test. This
non-parametric test is equivalent to the traditional analysis of variance (ANOVA) approach,
except that the Mann–Whitney test does not require assumptions of homoscedasticity and
normalcy of the sample.
The hypothesis to be tested is as follows:
● H0 = The k samples come from the same population.
● H1 = Some samples come from another population.
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The defined null hypothesis was accepted if the level of statistical significance (p-value) was >0.05
(i.e. the groups of Port Authorities are not significantly different from each other, but similar).
The null hypothesis was rejected if the p-value was ≤0.05 (i.e. the groups of Port Authorities are
statistically different) (Molinos-Senante, Hernandez-Sancho, and Sala-Garrido 2014).
5. Sample description
The sample of our study is the totality of Port Authorities comprising the SPS which involves 28
Port Authorities that are coordinated and controlled by the state agency ‘Puertos del Estado’ (State
Ports). Hence, the sample consists of 28 Port Authorities whose data have been obtained from
annual reports of Puertos del Estado.
Diverse input and output variables are used in the literature for measuring the efficiency and
productivity change of ports, as evidenced in a review by Wilmsmeier, Tovar, and Sanchez (2013).
The most recent trend has been to consider the traffic of each port as its output. Hence, in
accordance with Bonilla et al. (2004), Cheon, Dowall, and Song (2010), and Díaz-Hernández,
Martínez-Budría, and Jara-Díaz (2008), among others, we considered the traffic volumes as the
output variables. Moreover, recent studies (Núñez-Sánchez and Coto-Millán 2012; Tovar and
Wall 2015) also integrate the number of passengers as output. Hence, in this study four outputs
were considered namely: liquid bulk (LB), solid bulk (SB), general commodities (GC) (each
expressed in thousands of tonnes), and number of passengers (PASS). Following Chang and
Tovar (2014), the inputs of the analysis were the labor costs (LAB) and equipment or fixed assets
(FA) of the Port Authorities (expressed in thousands of euros). They were deflated using the
Spanish Customer Price Index to adjust them for inflation. According to Puertos del Estado
(2012), FA are non-current assets that include intangible assets, real estate investments, and long-
term financial investments.
DEA methodology makes a series of homogeneity assumption about the units under assess-
ment. First, the units are assumed to be undertaking similar activities and producing comparable
products. In this sense, as it was reported by Tovar and Wall (2015) the fact that the Port
Authorities under study are in the same country has the advantage that the accounting data are
uniform and comparable. Moreover, these Port Authorities face the same regulations. A second
assumption is related with the number of Port Authorities, inputs, and outputs. Hence, according
to ‘Coopers’ rule’, the number of units must be higher than or equal to maxfm * s; 3ðmþ sÞg;
where m is the number of inputs and s is the number of outputs involved in the DEA study
(Cooper, Seiford, and Tone 2007). In this paper, 4 outputs, 2 inputs, and 28 Port Authorities are
considered. Therefore, the ‘Cooper’s rule’ is met.
The main aim of this work was to evaluate how the economic crisis has impacted the
productivity change of the SPS. Therefore, the MPI was estimated for two time periods: the
‘non-crisis period’ from 2005 to 2008, and the ‘crisis period’ from 2008 to 2011. Table 1a and
Table 1b summarize the mean, standard deviation (SD), minimum and maximum values of the
inputs and outputs of each Spanish Port Authority for the 2005–2011 period, showing the impact
of the economic crisis on Port Authority investments.
6. Results and discussion
6.1. Productivity change in the non-crisis period (2005–2008)
Table 2 presents the evaluation of productivity growth in Spanish Port Authorities using the MPI,
decomposed into the MECH and MTCH. For the non-crisis period, in average terms, the
productivity of the SPS increased 35.8% across the 3 years (i.e. 11.9% yearly). Table 2 and
Figure 4 show that productivity improved in 19 of the 28 Port Authorities (68%), while the
remaining 9 Port Authorities (32%) had worsened productivity.
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One of the smallest Spanish Port Authorities, Motril, had the highest productivity increase
(MPI = 2.220). Santander and Valencia had the most decreased productivity (MPI = 0.730 and
MPI = 0.757); due to their MECH being particularly low since the other component of the MP
(MTCH) was greater than 1. For the 9 Port Authorities with declining productivity, the average
MPI was 0.867, illustrating that the worsening in productivity in those Port Authorities was not
very significant (4.1% per year). Moreover, 3 Port Authorities (Bahía of Algeciras, Melilla, and
Motril) improved their productivity by more than 100%.
Next, we evaluated which component (MECH or MTCH) contributed more to the productivity
change of each Port Authority. Table 2 and Figure 4 illustrate that MECH and MTCH followed
opposite trends. The mean value of MECH was less than one, and the catching-up index
decreased 5.8% per year on average. Analyzed Port Authorities moved away from efficient
production by 17.5% across 2005–2008. The mean value for the frontier shift index was greater
than one, and the technological frontier had a positive offset of 68.5% (22.8% per year). Based on
the mean MECH and MTCH values, it can be concluded that in the non-crisis period, only the
frontier productivity index contributed positively to the improvement in SPS productivity. Our
results are consistent with the work of Núñez-Sánchez and Coto-Millán (2012), who established
that an improvement of SPS productivity from 1986 to 2005 was due to positive technical changes,
while the efficiency growth rate was negative, as in our case.
Regarding the MECH and MTCH for individual Port Authorities, only 5 Port Authorities (Alicante,
Marín-Pontevedra, Melilla, Motril, and Vigo) increased their catching-up index (i.e. moved to the
efficient frontier by adopting better operational practices). The MECH of some of the largest Spanish
Port Authorities, such as Valencia, Bilbao, Tarragona, and Barcelona, was less than 0.7. On the other
hand, the MTCH, which partially reflects the capital investment, was greater than 1 for all 28 Port
Table 1a. Sample description.
Port Authority
Average Standard deviation
Outputs (103 tons) Inputs (103 €) Outputs (103 tons) Inputs (103 €)
LB SB GC PASS FA LAB LB SB GC PASS FA LAB
A Coruña 7652 4438 1268 63,023 403,211 6426 756 518 236 31,641 234,045 652
Alicante 136 1668 1564 333,429 188,300 4948 38 414 232 30,351 10,614 334
Almería 5 6307 596 1,083,965 131,810 5051 3 1341 63 92,324 22,782 447
Avilés 645 3083 1248 0 123,597 3908 106 448 185 0 13,659 204
B. de Algeciras 21,311 2652 44,674 4,901,134 641,399 15,768 1688 586 4517 272,955 141,334 1467
Bahía de Cádiz 112 2557 2485 262,722 240,340 7415 33 967 455 86,511 10,449 550
Baleares 1978 2318 8794 5,417,700 341,370 13,204 227 287 859 270,636 37,618 1473
Barcelona 11,463 4052 30,256 3,049,310 1,562,503 30,888 733 257 3719 552,063 218,005 3124
Bilbao 20,834 4261 9263 171,244 769,479 13,759 1910 793 906 11,120 30,219 951
Cartagena 18,142 5082 941 56,285 262,094 6859 2086 901 134 30,613 25,720 453
Castellón 7903 3294 1666 216 216,062 4795 513 724 328 352 38,842 651
Ceuta 991 71 913 2,227,041 103,554 6831 187 35 53 280,338 5262 571
Ferrol-San Cibrao 1874 8290 666 3281 197,707 4308 786 737 121 2975 22,207 878
Gijón 1332 19,658 837 11,498 745,346 7683 150 3049 324 20,420 300,048 268
Huelva 14,937 7513 481 6620 402,073 8873 3206 1462 166 11,392 21,275 1050
Las Palmas 4723 1773 16,541 1,219,028 715,667 12,904 140 516 1660 343,168 43,450 1594
Málaga 75 2100 3046 706,264 184,151 6692 29 558 1357 204,781 17,427 690
Marín y Ría de Pont. 2 1016 878 0 71,403 3144 3 62 91 0 9223 216
Melilla 72 84 691 537,687 120,252 4412 3 18 42 92,993 19,582 845
Motril 1370 1247 197 15,424 68,558 2419 97 325 33 27,071 7697 530
Pasajes 1 3281 2121 0 121,299 6785 0 820 188 0 4691 707
S.C. Tenerife 8855 1892 6528 4,672,917 456,193 9163 905 531 797 211,259 36,984 844
Santander 372 5140 1383 182,648 309,524 6635 57 858 217 35,570 5488 327
Sevilla 296 2789 1997 15,800 392,785 5809 71 309 170 3331 87,395 223
Tarragona 18,958 11,903 2341 3800 432,510 9572 876 1655 1124 3717 49,357 617
Valencia 4674 6361 45,754 463,501 1,159,316 17,616 1573 2110 9736 127,719 263,049 1899
Vigo 77 693 3685 191,121 220,738 8946 13 134 440 52,270 24,728 1106
Vilagarcía 293 578 235 4552 59,749 2759 89 98 55 1309 12,847 378
Source: State ports (2005–2011).
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Authorities in the SPS. Hence, from 2005 to 2008, there was a positive shift of the efficient frontier of
the SPS, increasing the international competitiveness of the SPS. Bahía of Algeciras, which supported
the highest traffic in the SPS, also showed substantial improvement in the frontier productivity index
(MTCH = 2.005), which contributed to increase its productivity by more than 100%. Although other
large Port Authorities, such as Barcelona and Valencia, showed significantly improved MTCH results,
in contrast to Bahía of Algeciras, the decline in the MECH involved a more moderate rise (Barcelona)
or even a decrease (Valencia) in productivity.
Table 2. MPI, MECH, and MTCH of Spanish Port Authorities for 2005–2008.
Port Authority MPI MECH MTCH
A Coruña 1.835 0.951 1.930
Alicante 1.974 1.055 1.871
Almería 1.618 1.000 1.618
Avilés 1.416 0.848 1.670
B. de Algeciras 2.005 1.000 2.005
Bahía de Cádiz 1.022 0.998 1.024
Baleares 1.106 0.863 1.282
Barcelona 1.261 0.622 2.027
Bilbao 0.890 0.511 1.742
Cartagena 1.201 0.949 1.265
Castellón 0.850 0.504 1.688
Ceuta 0.895 0.324 2.763
Ferrol-San Cibrao 0.871 0.502 1.735
Gijón 1.925 1.000 1.925
Huelva 1.241 0.971 1.278
Las Palmas 1.366 0.699 1.954
Málaga 0.896 0.548 1.635
Marín y Ría de Pont. 1.430 1.094 1.308
Melilla 2.119 1.414 1.498
Motril 2.220 1.190 1.865
Pasajes 0.968 0.814 1.190
S.C. Tenerife 1.476 1.000 1.476
Santander 0.730 0.502 1.455
Sevilla 1.856 0.949 1.955
Tarragona 0.949 0.597 1.589
Valencia 0.757 0.470 1.610
Vigo 1.507 1.038 1.452
Vilagarcía 1.653 0.701 2.358
Mean 1.358 0.825 1.685
STD deviation 0.458 0.262 0.351
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Figure 4. MPI, MECH, and MTCH of Spanish Port Authorities for 2005–2008.
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6.2. Productivity change in the crisis period (2008–2011)
As shown in Table 3 and Figure 5, the mean MPI was greater than 1 in the period from 2008 to
2011, indicating that the productivity of the SPS improved during the economic crisis period.
Specifically, productivity increased 8.6% per year across the 3 years.
The productivity increased for 21 of 28 Spanish Port Authorities (which represents 75% of the
ports in the SPS). The port A Coruña showed the greatest increase (MPI = 3.361), largely due to the
catching-up effect (MECH = 3.216). From a policy perspective, the operational practices introduced
in this port from 2008 to 2011 should be analyzed because they were responsible for most of the
increased productivity. Tarragona had the most decreased productivity of all ports. Its MTCH was
higher than 1, whereas MECH was lower than 1, indicating that the only contributor to the
decreased productivity was the catching-up index.
In contrast to the non-crisis period, in the crisis period, the average values of MECH and
MTCH were quite similar and higher than 1. In other words, both components contributed
positively to the improvement of the productivity. The SD of the MPI was around 48% of
the mean value, indicating a degree of divergence within the 28 evaluated Port Authorities.
A similar value was obtained for the MECH, although the SD for the MTCH was signifi-
cantly lower, illustrating that divergences in the shift of the efficient frontier were small.
6.3. Comparison of the productivity change between the non-crisis and crisis periods
Table 4 summarizes differences in the MPI, MECH, and MTCH values between the crisis and
non-crisis periods. A positive (or negative) value reflects an improved (or worsened) productivity
change of the Port Authorities during the crisis compared to the non-crisis period. In other
Table 3. MPI, MECH, and MTCH of Spanish Port Authorities for 2008–2011.
Port Authority MPI MECH MTCH
A Coruña 3.361 3.216 1.045
Alicante 1.365 1.247 1.095
Almería 1.401 1.000 1.401
Avilés 1.005 1.063 0.946
B. de Algeciras 1.109 1.000 1.109
Bahía de Cádiz 0.978 0.934 1.048
Baleares 1.303 1.356 0.961
Barcelona 1.101 1.144 0.962
Bilbao 1.163 1.189 0.978
Cartagena 1.150 0.597 1.927
Castellón 1.009 1.083 0.932
Ceuta 0.994 1.000 0.994
Ferrol-San Cibrao 1.290 1.000 1.290
Gijón 1.043 0.801 1.302
Huelva 1.109 1.127 0.984
Las Palmas 1.389 1.389 1.000
Málaga 1.500 1.497 1.002
Marín y Ría de Pont. 0.885 0.624 1.418
Melilla 0.950 0.872 1.089
Motril 1.193 0.610 1.957
Pasajes 1.182 1.176 1.005
S.C. Tenerife 1.191 1.199 0.993
Santander 0.953 1.000 0.953
Sevilla 1.298 1.380 0.941
Tarragona 0.868 0.601 1.444
Valencia 1.365 1.335 1.023
Vigo 0.899 0.934 0.963
Vilagarcía 2.135 1.923 1.110
Mean 1.257 1.149 1.142
STD deviation 0.485 0.502 0.271
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words, by computing the difference in MPI values between the two periods, we could evaluate
whether the Port Authorities showed a turnaround in their productivity growth.
The average difference in MPI between the crisis and non-crisis periods for the SPS was
negative (−0.102); thus, the productivity growth worsened slightly in consequence of the eco-
nomic crisis. In this context, the study conducted by Wilmsmeier, Tovar, and Sanchez (2013)
which assessed the productivity change of 20 container terminals in 10 countries in the Latin
America and the Caribbean and in Spain for the period 2005–2011, evidenced that for these ports,
productivity increased by 18.8% between 2005 and 2008 and by 2.2% from 2008 to 2011. It means
that while productivity improved during the period of crisis, the percentage of improvement was
notably smaller than in previous years. Nevertheless, in our case study, the SD was large,
indicating significant differences across the Spanish Port Authorities. Totally, 12 out of 28 Port
Authorities presented positive differences in their MPIs, i.e. showed higher productivity growth
during the crisis than in the non-crisis period. In other words, the crisis positively impacted the
productivity change of these Port Authorities.
A Coruña demonstrated the greatest increase in productivity between the two periods, due to a
significant increase in MECH. The MTCH of this Port Authority was negative, illustrating that it
was better in the non-crisis than in the crisis period. In contrast, the productivity growth of the
Melilla Port Authority worsened substantially during the crisis period, with both MECH and
MTCH contributing to this trend (i.e. both were negative). Divergent average values of the two
components of the productivity index were found for the 28 Spanish Port Authorities. The
average value of MECH was positive (0.324), meaning that the catching-up index grew more in
the crisis than in the non-crisis period (Table 4). Based on its definition, a positive value of MECH
indicates that, in average terms, the evaluated Port Authorities exhibited improved managerial
practices. Thus, with the economic crisis, the Port Authorities’ managers have had to strive to
improve the Port Authorities’ management.
Only 7 of the 28 Port Authorities (Bahía de Cádiz, Cartagena, Gijón, Marín-Pontevedra,
Melilla, Motril, and Vigo) presented a negative value of MECH. These Port Authorities moved
away from the efficient frontier. The MECH was substantially improved during the crisis period
for some other Port Authorities, particularly A Coruña, Vilagarcía, Málaga and Valencia. These
Port Authorities increased their productivity and efficiency despite the economic crisis. All of
these Port Authorities were specialized in one kind of traffic. From a policy perspective, the
practices and conditions of these Port Authorities require special attention to identify the causes
of their improvement.
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Figure 5. MPI, MECH, and MTCH of Spanish Port Authorities for 2008–2011.
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First, A Coruña is important for LB traffic. This Port Authority showed an average overall
traffic growth of 2.88% in 2010 (A Coruña Port Annual Report 2010). The growth of LB traffic,
mainly of fuels, was related to the ‘Repsol’ refinery located near A Coruña. This ‘captive traffic’
provided the port with stable LB traffic that was independent of the economic crisis.
Second, Vilagarcía is the smallest Port Authority of the SPS. Traffic began to recover for this
port in 2011 (Vilagarcia Port Annual Report 2011). A fundamental factor for this traffic increase
was the reactivation of a container terminal. In 2011, some important steps were taken in this
regard, such as: the start of operations of the new commercial dock, and the start of construction
work in the Ferrazo esplanade.
Third, Málaga is a small Port Authority in the south of Spain which showed a slight recovery in
its traffics during the crisis period. A fundamental part of this success was due to the efforts of
every participant in container traffic, which resulted in costs being lowered as much as possible
(Malaga Port Annual Report, 2010).
Fourth, the Port Authority of Valencia is traditionally specialized in containers. Valencia
moved 64 million tons in 2010, representing a 10.81% increase over 2009. Container traffic
increased 15.1%, reached 4.2 million twenty-foot equivalent units (TEUs), the highest level in
the history of the SPS. This Port Authority underwent marked expansion in recent years, with a
total investment in 2010 exceeding 171 million euros (Valencia Port Annual Report, 2010).
To summarize the results, Port Authorities that demonstrated substantially improved MECH
values during the crisis period were usually specialized Port Authorities that maintained or
enhanced their main traffics. Most of them made important investment efforts in recent years,
even during the economic crisis.
Returning to the data in Table 4, unlike the average value of MECH, the average value of
MTCH for the SPS was negative, illustrating that the technological frontier had a negative offset.
Table 4. Difference in MPI, MECH, and MTCH of Spanish Port Authorities between 2005–2008 and 2008–2011.
Port Authority MPI MECH MTCH
A Coruña 1.526 2.265 −0.885
Alicante −0.609 0.192 −0.776
Almería −0.217 0.000 −0.217
Avilés −0.411 0.215 −0.724
B. de Algeciras −0.896 0.000 −0.896
Bahía de Cádiz −0.044 −0.064 0.024
Baleares 0.196 0.493 −0.321
Barcelona −0.160 0.522 −1.065
Bilbao 0.273 0.678 −0.764
Cartagena −0.051 −0.352 0.662
Castellón 0.159 0.579 −0.757
Ceuta 0.098 0.676 −1.769
Ferrol-San Cibrao 0.419 0.498 −0.445
Gijón −0.882 −0.199 −0.623
Huelva −0.133 0.156 −0.294
Las Palmas 0.023 0.690 −0.954
Málaga 0.604 0.949 −0.633
Marín y Ría de Pont. −0.545 −0.469 0.110
Melilla −1.169 −0.542 −0.409
Motril −1.026 −0.580 0.092
Pasajes 0.214 0.363 −0.185
S.C. Tenerife −0.285 0.199 −0.483
Santander 0.223 0.498 −0.501
Sevilla −0.558 0.431 −1.015
Tarragona −0.081 0.004 −0.145
Valencia 0.608 0.865 −0.587
Vigo −0.608 −0.104 −0.489
Vilagarcía 0.482 1.222 −1.248
Mean −0.102 0.324 −0.542
STD deviation 0.581 0.594 0.480
696 A. MEDAL-BARTUAL ET AL.
Among other information, the frontier productivity index provides information about the tech-
nology upgrades of facilities, i.e. it is strongly related to capital investment in ports. Only 4 of the
28 Port Authorities presented a positive shift in the efficient frontier, verifying that the investment
level in the SPS was reduced during the crisis period (Figure 3).
A comparison of the MPI during the two time periods verified that the economic crisis
negatively impacted the productivity growth of the SPS. Although the productivity of Spanish
Port Authorities, in average terms, still improved during the crisis years, the growth rate of the
productivity was lower than in the non-crisis period. From an analysis of the evolution of the two
components of the MPI, we can conclude that a main reason for the productivity decrease was a
lack of investment in the Port Authorities to upgrade technologies.
Nevertheless, the economic crisis did not impact all of the Port Authorities equally. Results at
the port-level verified remarkable differences among the Port Authorities. In particular, the
productivity growth of some Port Authorities (e.g. La Coruña, Málaga, Valencia, and Vilagarcía,
among others) was higher during the crisis than in the non-crisis period; therefore, these Port
Authorities were not impacted by the economic crisis. From a policy perspective, the reason for
this positive growth was an improvement in management strategies; from 2008 to 2011, the shift
of the efficient frontier was negative for these Port Authorities.
6.4. Influence of port authority investments on the productivity change
As reported in Section 6.3, Port Authorities with the highest improvements in productivity change
were those that made important investment efforts, even during the economic crisis, against the
general trend of the SPS. The most efficient Port Authorities of the SPS (see Table 4) were
characterized by large increases in their investments, through the extension of their installations
or modernization, in the last years. The next step is to test, from a statistical perspective, whether
investment and productivity change were related. We applied the non-parametric Mann–Whitney
test to assess whether there were statistically significant differences in the mean values of MPI,
MECH, and MTCH between Port Authorities based on their investment trends. For the two time
periods analyzed, Port Authorities comprising the SPS were categorized into groups, according to
whether their investments per unit of traffic were higher or lower than the average. According to
Annual Statistics of State Ports, investments are the total executed investment of the SPS in
tangible, intangible, and financial assets.
The p-values of the Mann–Whitney tests (Table 5) showed that investment and productivity
growth (MPI) were related from a statistical standpoint. Port Authorities with above-average
investments showed a greater increase in productivity in both periods (crisis and non-crisis)
compared to Port Authorities with below-average investments. The Mann–Whitney test con-
firmed that Port Authorities which made an investment effort during the crisis period were less
impacted by the crisis than ports whose investments were reduced during the crisis period.
Therefore, we have confirmed that investment in the Port Authorities was a determinant factor
of their productivity growth.
Investments during the crisis period were statistically significant to explain the MECH. Port
Authorities that expanded or modernized their assets during the economic crisis improved its
Table 5. p-Value of the Mann–Whitney test.
Investments
Non-crisis period Crisis period Difference
MPI 0.003 <0.001 0.029
MECH 0.430 <0.001 0.184
MTCH 0.008 0.848 0.836
Grey boxes indicate that, for these parameters, differences between groups are statistically significant.
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efficiency. However, the Mann–Whitney test did not allow us to confirm whether investment
before the crisis was a relevant variable in the results of the catching-up index. Hence, investments
made before the crisis did not contribute to the improvement of the efficiency of the Port
Authorities, but Port Authorities that invested during the crisis showed the capacity of being
more efficient, operating nearer efficient frontier.
The explanation for how Port Authority investments affected the MTCH is the opposite for
that of the MECH. Investments were statistically significant in the frontier productivity index
during the years before the crisis, but not in the crisis period, according to the investment trend of
the last years. As shown in Figure 3, investments before the crisis were much higher than those
during the crisis. Therefore, the investment process before the crisis increased market competition
and improved technical efficiency. However, the decrease of investments during the crisis was not
relevant to the technical change.
7. Conclusions
The main aim of this study was to assess whether the economic crisis has impacted the
productivity growth of the SPS, which includes 28 Port Authorities. To this end, the MPI was
estimated for two periods: 2005–2008 (non-crisis period) and 2008–2011 (crisis period). This
index was chosen as an indicator of the productivity change because it can be decomposed into
two indexes, i.e. the catching-up index (MECH) and the frontier productivity index (MTCH).
From a policy perspective, it is extremely important to differentiate whether the improvement
or worsening of Port Authorities’ productivity was associated with one or both components of the
MPI. MECH involves the capacity of ports to be managed in accordance with best operational
practices, whereas MTCH is more related to long-term strategic planning and capital investment.
Decision-makers and port managers should adopt different strategies to improve productivity
depending on the MECH and MTCH values. The results indicate that several aspects should be
considered from a policy perspective. During the non-crisis period, the SPS showed increased
productivity due exclusively to the positive shift of the efficient frontier, while Port Authorities
moved away from efficient production. Thus, from 2005 to 2008, the SPS increased its interna-
tional competitiveness. During the crisis period, Spanish Port Authorities also improved their
productivity; however, both MECH and MTCH contributed to this improvement.
The economic crisis has not impacted all of the Spanish Port Authorities equally. Some Port
Authorities (12 of 28) presented greater productivity growth during the crisis period than in the
non-crisis period, i.e. the crisis positively impacted their productivity change. After analyzing the
main characteristics of those Port Authorities, we concluded that the best Port Authorities were
usually specialized Port Authorities that maintained or enhanced their main traffics (e.g. LB traffic
in A Coruña and container traffic in Valencia) and made significant investment efforts (e.g. A
Coruña, Valencia, and Vilagarcia), even during the economic crisis. Deeper statistical analysis
allowed us to conclude that Port Authorities which expanded or modernized their assets during
the economic crisis years positively changed their efficiency, by operating nearer the efficient
frontier.
Meanwhile, the turnaround in the productivity growth of the remaining Port Authorities was
the opposite. During the crisis period, the catching-up index for these Port Authorities, in average
terms, grew more than in the non-crisis period; i.e. the Port Authorities improved their manage-
rial strategies to improve their productivity. The frontier productivity index worsened during the
crisis years due to a general reduction in investments in the SPS. Although the investment process
before the crisis increased market competition and improved the technical efficiency of the
system, the investment process during the crisis was not relevant to the technical change. This
result is consistent with the figures of the SPS, which showed a 62.33% reduction in investments
from 2008 to 2012.
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Information provided by this study may be very useful for stakeholders and decision-makers
for long-term strategic planning and improving the competitiveness of the SPS. In contrast to the
general opinion, the economic crisis is not synonymous with general losses. The economic impact
has not been the same in every Port Authority. In particular, Port Authorities that increased their
level of investment during the crisis period (e.g. by modernizing, adapting, or expanding their
installations) have managed to become more efficient than before the economic crisis, thereby
improving the productivity and international competitiveness of the SPS. We suggest that the
economic crisis of 2008 be seen as an opportunity to adapt Port Authority traffics and installations
to meet new needs and market demands.
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Appendix A
Table A. Summary of previous papers on measuring productivity in ports.
Author Year Data Methodology Outputs Inputs
De Neufville and
Tsunokawa
1981 5 USA ports
1970–1978
No parametric
engineering
Containerized cargo Quay length
Quay crane
Kim and Sachish 1986 1 Israeli port
1966–1983
Parametric TCF,
TFP index
Total cargo Price of labor
Price of capital
Sachish 1996 2 Israeli ports
1966–1990
No parametric
engineering
Throughput Labor
Building
Equipment
Martín 2002 27 Spanish ports 1990–1999 No parametric
DEA,
Malmquist TFP
index
Solid bulk
Cargo general
Number of workers
Intermediate
consumption
Land area
Berth length
Díaz-Hernández 2003 21 Spanish ports 1990–1998 Parametric SFA,
CCF
Quadratic
exact TFP
index
Containerized cargo
Non-containerized
cargo
Solid bulk
Price of labor
Price of capital
Estache et al. 2004 11 Mexican ports 1996–1999 No parametric
DEA,
Malmquist TFP
index
Throughput Number of workers
Berth length
Barros 2005 10 Portuguese ports 1990–
2000
Parametric SFA,
TCF,
Malmquist TFP
index
Number of ships
Total cargo
Capital price
Labor price
De 2006 13 Indian ports
1980–2003
Parametric CDPF
TFP index
Traffic Gross fixed capital
stock
Employees
Barros and
Peypoch
2007 34 Italian & Portuguese ports
1994–1998
No parametric
DEA
Luenberger
TFP index
Containers
Sales
Liquid bulk
Dry bulk
Ship
Total operational
costs
Personnel
Investment
Díaz-Hernández
et al.
2008 21 Spanish ports 1994–1998 No parametric
DEA,
Malmquist TFP
index
Containerized cargo
Non-containerized
cargo
Solid bulk
Labor
Crane
Al-Eraqui et al. 2009 22 container terminal in
Middle East & East African
2000–2005
No parametric
DEA,
Malmquist TFP
index
Total ships call
Total throughput
Berth length
Quay crane
Handling
equipment
Terminal area
(Continued )
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Table A. (Continued).
Author Year Data Methodology Outputs Inputs
Bo-xin et al. 2009 10 container terminal in
China
2001–2006
No parametric
DEA,
Malmquist TFP
index
Port activity
Density of liner ship
Overall strength &
development
potential
Hardware
equipment
abilities
Economic
strength of port’s
hinterland
Guerrero and
Rivera
2009 7 Mexican ports
2000–2007
No parametric
DEA,
Malmquist TFP
index
Containers handled Berth length
Storage area
Yard gantry cranes
Quayside gantry
cranes
Guironnet et al. 2009 37 Italian & French ports.
2003–2004
No parametric
DEA
Luenberger
TFP index
Liquid bulk
Solid bulk
Number of workers
Capital invested
Lozano 2009 28 Spanish port authorities
2002–2006
No parametric
DEA,
Malmquist TFP
index
Total port traffic
Total TEU´s
Total ship calls
Stocking area
Berth length
Cranes
Tugs
Cheon et al. 2010 98 world ports
1991 and 2004
No parametric
DEA,
Malmquist TFP
index
Total throughput Berth length
Terminal area
Capacity of
container
quayside and
mobile cranes
Ramos-Real and
Tovar
2010 3 multipurpose terminals
1991–1999
Parametric
statistical, CCF
Quadratic
exact TFP
index
Containers
Ro-Ro cargo
General break-bulk
cargo
Price of non-port
worker
Price of ordinary
port worker
Price of special
port worker
Price of capital
Price of
intermediate
consumption
Price of area
Haralambides
et al.
2010 16 Middle East & East African
ports
2005–2007
No parametric
DEA
Luenberger
TFP index
Total throughput
Total ship calls
Number of workers
Total cost
Number of quay
cranes
Bottasso et al 2011 5 Italian terminal containers
2001–2008
Parametric SFA,
CDPF TFP
index
Total throughput Number of workers
Non-labor
operating
expenditure
Crane
Terminal area
Núñez-Sánchez
and Coto-
Millán
2012 27 Spanish port authorities
1986–2005
Parametric SFA
TFP index
Solid bulk
Liquid bulk
Containerized cargo
Non-containerized
cargo
Passengers
Labor
Intermediate
consumption
Storage area
Barros 2012 23 ports in Angola,
Mozambique, and Nigeria
2004–2010
Parametric DEA
Luenberger
TFP indicator
Number of ship calls
Total tons embarked
Total number of
containers embarked
and disembarked
Depth of the berths
Total area
Quay cranes
Employees
Barros et al. 2012 Brazilian ports
2004–2014
No parametric
DEA
Malmquist TFP
index
Ship calls
Total tons embarked
Total number of
containers embarked
and disembarked
Depth of berths
Total area
Quay cranes
Employees
(Continued )
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Appendix B
Table A. (Continued).
Author Year Data Methodology Outputs Inputs
Barros and
Peypoch
2012 African ports
2002–2008
Parametric DEA
Luenberger
TFP indicator
20-foot equivalent units
Dry bulk
Liquid bulk
Depth of berths
Number cranes
Employees
Wilmsmeier et al 2013 20 container terminals in
Latin America and the
Caribbean and Spain
2005–2011
No parametric
DEA
Malmquist TFP
index
Total throughput Terminal area
Ship-to-shore
crane capacity
equivalent
Labor
Song and Cui 2014 26 container terminals in
China
2006–2011
No parametric
DEA
Malmquist TFP
index
Containers handled Workers
Quay length
Bridge cranes
Chang and Tovar 2014 14 Chilean and Peruvian
terminal ports
2004–2010
Parametric SFA
TRPF TFP
index
Containerized cargo
General rolling
freight
Bulk cargo
Labor
Stock of net fixed
assets
Tovar and Wall 2015 26 Spanish port authorities
1993–2012
Parametric SFA
CCF TFP index
Containerized cargo
Solid bulk cargo
Liquid bulk cargo
General non-
containerized cargo
Passengers
Labor and supplies
Building and
infrastructure
Deposit surface
area
DEA = Data Envelopment Analysis, SFA = Stochastic Frontier Analysis, CDPF = Cobb–Douglas Production Function, TFPF = Translog
Production Function, TCF = Translog Cost Function, CCF = Quadratic Cost Function, TFP = Total Factor Productivity.
Source: Own elaboration based on Wilmsmeier, Tovar, and Sanchez (2013).
Table B1. Malmquist Productivity Index (MPI) of Spanish Port Authorities, 2005–2011.
Port Authority
MPI
(2005/2006)
MPI
(2006/2007)
MPI
(2007/2008)
MPI
(2008/2009)
MPI
(2009/2010)
MPI
(2010/2011)
A Coruña 1.855 1.828 1.823 3.101 3.604 3.398
Alicante 2.191 2.137 1.643 1.200 1.287 1.647
Almería 1.560 1.834 1.481 1.210 1.369 1.660
Avilés 1.719 1.444 1.144 0.752 1.269 1.064
B. de Algeciras 2.014 2.027 1.974 0.985 1.129 1.227
Bahía de Cádiz 1.113 1.493 0.642 0.817 1.043 1.098
Baleares 1.148 1.148 1.028 1.200 1.412 1.305
Barcelona 1.322 1.277 1.187 1.022 1.113 1.172
Bilbao 0.967 0.855 0.852 1.109 1.242 1.142
Cartagena 1.124 1.129 1.364 0.945 1.120 1.437
Castellón 0.826 0.931 0.799 0.836 1.038 1.183
Ceuta 0.885 0.946 0.857 0.922 0.943 1.128
Ferrol-San Cibrao 0.928 0.795 0.896 1.119 1.089 1.761
Gijón 1.872 1.983 1.922 0.841 1.195 1.128
Huelva 1.229 1.246 1.248 0.884 1.244 1.239
Las Palmas 1.459 1.391 1.256 0.980 1.651 1.656
Málaga 1.179 0.904 0.675 0.989 1.716 1.988
Marín y Ría de Pont. 1.713 1.423 1.201 0.781 0.868 1.023
Melilla 2.209 2.180 1.976 0.810 0.944 1.120
Motril 2.313 2.123 2.227 1.174 1.161 1.248
Pasajes 1.019 0.934 0.954 1.098 1.393 1.081
S.C. Tenerife 1.527 1.560 1.351 1.075 1.221 1.287
Santander 0.664 0.848 0.690 0.785 1.044 1.057
Sevilla 2.049 1.677 1.859 1.203 1.293 1.404
Tarragona 0.932 1.073 0.854 0.789 0.927 0.894
Valencia 0.771 0.771 0.729 1.247 1.428 1.429
Vigo 1.633 1.605 1.306 0.679 1.124 0.953
Vilagarcía 1.646 1.647 1.666 1.741 1.584 3.527
Mean 1.424 1.400 1.271 1.082 1.302 1.438
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Table B2. Malmquist efficiency change (MECH) of Spanish Port Authorities, 2005–2011.
Port Authority
MECH
(2005/2006)
MECH
(2006/2007)
MECH
(2007/2008)
MECH
(2008/2009)
MECH
(2009/2010)
MECH
(2010/2011)
A Coruña 1.047 0.936 0.878 3.601 3.449 2.678
Alicante 1.132 1.105 0.939 1.290 1.227 1.226
Almería 1.000 1.000 1.000 1.000 1.000 1.000
Avilés 1.085 0.852 0.660 0.947 0.955 1.328
B. de Algeciras 1.000 1.000 1.000 1.000 1.000 1.000
Bahía de Cádiz 1.158 1.445 0.594 0.860 1.104 0.858
Baleares 0.863 0.863 0.863 1.356 1.356 1.356
Barcelona 0.626 0.605 0.635 1.136 1.124 1.172
Bilbao 0.533 0.500 0.500 1.264 1.137 1.170
Cartagena 0.949 0.949 0.949 0.597 0.597 0.597
Castellón 0.504 0.554 0.457 1.130 1.084 1.037
Ceuta 0.324 0.324 0.324 1.000 1.000 1.000
Ferrol-San Cibrao 0.502 0.502 0.502 1.000 1.000 1.000
Gijón 1.000 1.000 1.000 0.801 0.801 0.801
Huelva 1.005 0.910 1.001 1.050 1.228 1.110
Las Palmas 0.731 0.663 0.704 1.133 1.728 1.369
Málaga 0.719 0.527 0.434 1.131 1.677 1.769
Marín y Ría de Pont. 1.302 1.112 0.903 0.686 0.595 0.595
Melilla 1.591 1.338 1.329 0.859 0.885 0.872
Motril 1.190 1.190 1.190 0.610 0.610 0.610
Pasajes 0.893 0.731 0.825 1.254 1.419 0.915
S.C. Tenerife 1.000 1.000 1.000 1.199 1.199 1.199
Santander 0.461 0.616 0.445 0.880 1.231 0.923
Sevilla 1.009 0.848 0.998 1.567 1.470 1.139
Tarragona 0.597 0.597 0.597 0.601 0.601 0.601
Valencia 0.470 0.470 0.470 1.335 1.335 1.335
Vigo 1.117 1.077 0.929 0.828 1.239 0.793
Vilagarcía 0.701 0.701 0.701 1.923 1.611 2.295
Mean 0.875 0.836 0.780 1.139 1.216 1.115
Table B3. Malmquist technical change (MTCH) of Spanish Port Authorities, 2005–2011.
Port Authority
MTCH
(2005/2006)
MTCH
(2006/2007)
MTCH
(2007/2008)
MTCH
(2008/2009)
MTCH
(2009/2010)
MTCH
(2010/2011)
A Coruña 1.771 1.954 2.077 0.861 1.045 1.269
Alicante 1.936 1.933 1.749 0.931 1.049 1.344
Almería 1.560 1.834 1.481 1.210 1.369 1.660
Avilés 1.585 1.695 1.734 0.794 1.329 0.801
B. de Algeciras 2.014 2.027 1.974 0.985 1.129 1.227
Bahía de Cádiz 0.962 1.033 1.081 0.951 0.945 1.279
Baleares 1.330 1.331 1.191 0.885 1.041 0.962
Barcelona 2.112 2.110 1.869 0.900 0.990 1.000
Bilbao 1.815 1.710 1.703 0.878 1.092 0.976
Cartagena 1.184 1.189 1.437 1.583 1.876 2.407
Castellón 1.640 1.680 1.746 0.740 0.957 1.141
Ceuta 2.733 2.920 2.644 0.922 0.943 1.128
Ferrol-San Cibrao 1.848 1.583 1.785 1.119 1.089 1.761
Gijón 1.872 1.983 1.922 1.049 1.492 1.408
Huelva 1.223 1.369 1.247 0.842 1.013 1.116
Las Palmas 1.995 2.098 1.783 0.865 0.955 1.210
Málaga 1.640 1.715 1.554 0.875 1.023 1.124
Marín y Ría de Pont. 1.315 1.280 1.330 1.138 1.457 1.718
Melilla 1.388 1.630 1.487 0.943 1.067 1.283
Motril 1.943 1.784 1.871 1.925 1.902 2.045
Pasajes 1.142 1.277 1.157 0.875 0.981 1.182
S.C. Tenerife 1.527 1.560 1.351 0.896 1.018 1.073
Santander 1.440 1.378 1.552 0.892 0.848 1.145
Sevilla 2.030 1.978 1.862 0.768 0.879 1.233
Tarragona 1.561 1.797 1.430 1.312 1.542 1.488
Valencia 1.640 1.640 1.552 0.934 1.069 1.070
Vigo 1.462 1.490 1.406 0.820 0.907 1.201
Vilagarcía 2.349 2.349 2.376 0.905 0.983 1.537
Mean 1.679 1.726 1.655 0.998 1.129 1.333
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